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Investigation of Gamma Radiation Hazards 
Incident to am Underwater Atomic Explosion. 

SECTION I . SUKMAP.Y 

1. In order to properly account for the attack by means of atomic 
weapons in the design of new construction, fundamental data on the 
hazards of gamma radiation (penetrating radiation) resulting from an 
underwater atomic explosion was reouired. Inquiries indicated that the 
existing data, based on Operation Crossroads, was inadequate for design 

t 

purposes. Consequently, the Bureau of Ships undertook on 3 November 
1947 to investigate the basic information collected during Test Baker in 
order to obtain adeauate design data for considering measures to protect 
against gamma radiation. Detailed history and results of this investiga- 
tion are contained in Section II of this report. Section I is a summary 
of the results of the investigation. 

2. Since previous reports from Operation Crossroads indicated that the 
base surge which formed at the base of the Test Baker water column and 
moved outward, enveloping the target array, contained nearly all of the 
gamma radiation hazard, the extent and rate of growth of the base surge 
was the subject of the initial investigation. The growth and extent of 
the base surge was charted by analysis of photography of the Test Baker 
detonation as described in Section II, paragraphs 3 to 3. Figures 3 and 
5 completely describe the motion of the base surge from detonation to 
detonation plus seven minutes. Figure 4 depicts the time distance curves 
of the movement of the base surge in the upwind, crosswind and downwind 
directions. The base surge forms about ton seconds after detonation 
around the base of the collapsing '-'at or column and moves outward in a 


uniform fashion to about the 1000 yard, circle. The mean velocity of the 
advance during this period is about 50 knots. 3eyond the 1000 yard circle, 
the velocity of the base surge in the upwind direction begins- to diminish 
rapidly, being but 15 knots at the end of the first minute. Motion in the 
upwind direction ceases at about two minutes after detonation. The maxi- 
mum distance reached is about 1800 yards. Stagnation t ^ ie upwind side 
of the base surge corresponds to a rapid deceleration of the crosswind 
and downwind sides. The maximum crosswind extent (2700 yards) is reached 
at about detonation nlus three minutes. At the same time, the velocity 
of the base surge in the downwind direction reaches a constant velocity 
approximating that of the wind (six knots). Thereafter, movement of the 
base surge is controlled entirely by the wind. Beyond 3000 yards down- 
wind, the base surge loses its opaque cloudlike appearance. It lifts 
from the water and begins to disintegrate under the action of the wind. 
Vessels situated at about 3500 yards downwind never quite disappear from 
view. 

3. The total dose of gamma radiation received by each target ship ex- 
posed during Test 3aker was recorded as the darkening of photographic 
films placed in various locations throughout the vessels. The total 
dose thus recorded was received in two ways: 

(a) Direct gamma radiation from radioactive particles in suspension 
in the base surge. This "surge radiation" operates on the particular 
film badge from the time the surge approaches close enough for the gamma 
radiation to penetrate to the badge until the base surge retires down- 
wind or lifts above the array, depending up on the location of the target 
containing the badge. 



(b) Ganna radiation emanating from fission products deposited on 
the weather surfaces of the vessel. This "deposit radiation" operates 
on the film badge from the time the fission products begin, to be deposited 
in the vicinity of the target until the badge is removed from the area. 

4. The dose from the surge and the dose from the deposit combine to 
form the total dose recorded on the film badge. The total dose as re- 
corded by the darkening of the film cannot be broken up into the two 
constituent doses. The deposit dose, however, can be obtained independ- 
ently of the film badge data by measuring the intensity of gamma radia- 
tion on the weather surface at some time after contamination by means 

of a Geiger Counter or similar device. The deposit dose is obtained by 
integrating, between proper limits, the area under a decay curve passed 
through the measured value, as shown in Figure 11 and explained in Section 
II, paragraph 27 and 28. Once the deposit dose is obtained in this manner, 
the surge dose can be inferred by subtracting the deposit dose from the 
total dose as recorded by the film badge. 

5. After an exhaustive survey of prior reports (Section II, paragraphs 
11 through 25), available in the file of the Armed Forces Special Weapons 
Project, it was considered desirable to return to the basic data in order 
to arrive at usable criteria for design purposes. In the process of ob- 
taining accurate quantatative analyses of the distribution of gamma 
radiation dosages throughout the array, considerable new light was thrown 
upon the mechanisms by which the gamma radiation hazard is propagated 
during an underwater explosion. It was discovered that, contrary to 
previous thought, the base surge was not the primary contaminating 



raechani sm of the underwater explosion. Consideration of the distribution 
of the deposit dose, as analyzed from Geiger Counter records, led to the 
hypothesis that the primary deposit occurred as the result of early radio- 
active fallout or "rain" from the mushroom head. This hypothesis was 
s’abstantiated in numerous ways throughout the study. The early fallout 
from the mushroom head (Figures 16 through 19) tended to form a "ring" 
of high deposit doses around the center of "burst, each maximum corresponding 
to a prominent fallout visible in photographs. An expanded section of 
this "fallout ring 1 ' is shown in Figure 20. The mean level of deposit 
dose in way of the fallout ring is about 4000 roentgens. Of this amount, 
about 3500 roentgens is attributed to the fallout from the mushroom head 
and about 500 roentgens to the deposit resulting from condensation of the 
base surge. The distribution of deposit over the Test Baker array is 
shown in Figure 15 by contours of deposit dose in equivalent roentgens. 

6. The total unshielded dose of gamma radiations experienced by the 
target vessels was determined by a comparative analysis of film badge 
data (Section II, paragraphs 42 through 5l). Figure 28 shows the dis- 
tribution of total gamma radiation dose over the Test Baker array by 
means of contours of total dose in equivalent roentgens. Contours of 
surge dose were obtained by subtracting the deposit doses represented 
in Figure 15 from the total doses represented in Figure 28. These con- 
tours are plotted in Figure 29. 

7. Figures 3, 5, 15, 28 and 29 ar.d the accompanying text in Section II 


adequately describe the propagation and distribution of the gamma radia- 
tion hazard which occurred in Test Baker. For design purposes, a more 
generalized statement of the hazards involved is necessary. A major 



factor controlling the distribution of the gamma radiation hazard during 
Test 3aker was the wind velocity. The wind velocity at the tine of the 
Test 3aker hurst was six knots. This is not representative of the mean 
wind velocity to he expected. After some study, a design wind velocity 
of 15 knots was assumed. Figure 6 illustrates the growth and movement 
of the base surge under a wind velocity of 15 knots. The development is 
shown to detonation plus five minutes or 4000 yards on the downwind side. 
Further development is not investigated due to the lifting and disintegra- 
tion of the surge at this time. Paragraphs 54 through 60 of Section II 
describe the changes in gamma radiation distribution resulting from the 
assumption of a design wind speed of 15 knots. Figure 30 represents the 
mean or average distribution of deposit dose under these conditions. 

Note that an "ideal" ring maximum of 4000 roentgens is assumed in lieu of 
the various maxima exhibited by the deposit dose distribution in Test 
Baker (Figure 15)'." Figure 31 represents the mean or average surge radia- 
tion dose distribution under design conditions. Since surge radiation 
is great only in the early moments of an underwater burst, an increase 
in wind velocity has very little influence upon the surge radiation dose 
distribution. Figure 32 represents the total gamma radiation dose which 
may be expected under mean conditions with a wind velocity of 15 knots. 

It was obtained by summation of the two constituent doses represented 
by Figures 30 and 31. The shape of the contours inside the 5000 roentgen 
contour is of little practical value although interesting from a theo- 
retical point of view as discussed in Section II, paragraph 59. For 
design purposes, an even growth to a 9000 roentgen maximum at the center 


of burst can be assumed. 



8. Section II contains the detailed analysis and results. Since the 
evaluation of prior work on this problem was made very difficult by a 

lack of statements as to assumptions and formulae used in obtaining results, 
a full history of assumptions used,, processes and formulae developed and 
accuracies obtained is contained in Section II along with discussions of 
physical interpretation of the data in many instances. The magnitude 
of this phase of the problem of protecting naval vessels against penetra- 
ting radiations is such as to preclude additional study into the tine- 
intensity and other characteristics of the gamma radiation hazard at 
this time. These characteristics will be the subject of future studies. 

9. Basic data on film badge exposure and deposit dose calculations which 
were obtained from the files of the Armed Forces Special Weapons Project 
are referred to in Section II as Documents A and B. These titles were 
auplied by the Bureau to the data which was in rough form without formal 
titles or identification. 

10. Illustrations for this report have been classified on an individual 
basis in order to facilitate their use in design or training apart from 
this report. The complete renort, text and illustrations, is classified 
Top Secret. 
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SZCTIC1? II. Detailed Analysis 


1. Incident to the design of the anti-submarine warfare Vessel, several 
questions arose concerning the amount, character and duration of the 
radiological contamination experienced as the result of an underwater 
atomic detonation and at what ranges from the burst this contamination 
would affect a naval vessel. As a result, the Atomic Warfare Defense 
Section, Bureau of Ships, initiated a study of the problem on 3 November 
1947. The immediate object of the study was to determine the gamma 
radiation hazard from a Test Baker type detonation against the CLK Class 
vessel. The long-range objective was to be an assessment of the gamma 
radiation hazard against all major types and classes of naval vessels. 

2. Consultation with the Technical Directors group. Crossroads Division, 
Armed Forces Special Weapons Project revealed that the radiation hazard 
emanated almost entirely from the base surge which formed at the base of 
the water column about ten seconds after detonation and moved outward, 
enveloping the target array. The base surge was composed of a very heavy 
mist or fog containing radioactive materials and fission products. As 
the base surge moved outward condensation occurred and a portion of the 
radioactive materials "rained out" on the target vessels, contaminating 
the tousides. The Technical Director, Dr. Scoville, estimated that about 
50p of the total radiation dose registered by each target vessel was the 
result of radioactive decay of the material deposited on the target 
vessel. The other 50fo of the total dose was radiated from the mist 
during the time in which the vessel was enveloped by the mist. In order 
to assess the hazard to the vessel while underway, data as to the rate 

of growth of the base surge and the radiation gradient at various stages 


of growth is necessary. A survey of available data indicated the existence 
of much conflicting or unsatisfactory data and considerable missing in- 
formation. It was decided to investigate the growth of the base surge 
independently by means of analysis of photography of the Test 3aker 
detonation so as to form a firm foundation for the remainder of the study. 
The principal films used were AT Nos. 592, 593, 647, 632, 598, 629 and 637. 
The results of this analysis are shown in Figure 1. The estimated time 
of contact of the base surge with the nearest point of the target vessel 
is recorded for each film on which the particular vessel is observed. 

Where the camera angle permitted, the time of actual contact was observed. 
If contact occurred between successive frames or if the camera angle did 
not permit an observation of the near point of the vessel, the progress 
of the surge over the vessel was observed and an estimate of surge 
velocity made. With this information, the time of contact was readily 
determined. At the right margin of Figure 1, is the average or consensus 
of all observations on each target vessel. These values of time are 
plotted in Figure 2 at the appropriate locations of the nearest points 
of the targets. The position of the targets has been oriented on the 
basis of the announced wind bearing of 135° true. Contours of time up 
to three minutes have been added. The shape of these contours indicate 
that the actual direction of wind during and immediately after detonation 
was more in the nature of 150° true. Figure 2 also indicates the some- 
what uneven growth of the surge. Photographs show a definite scalloped 
effect on the periphery, with minor protrubences and identations occurr- 
ing from time to tine. 
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4. lor design purposes, a faired curve is desirable which represents a 
mean progress of the base surge. Paired curves of the development of the 

base surge up to three minutes are shown in Figure 3. Hot only have the 

minor irregularities of Figure 2 been faired but maximum values are re- 
oriented to the downwind direction (150° true) and the curves are now 

symmetrical about the wind axis as would be expected. Certain character- 

istics of the growth of the base surge are visible in Figure 3. The base 
surge begins to form around the base of the water column at about detona- 
tion plus ten seconds. The base surge is circular in plan, the radius 
at formation being about 350 yards. At 15 seconds, the surge is still 
circular and has reached the 500 yard circle. The surge remains circular 
until it reaches the 900 yard circle at 30 seconds after detonation. 
Thereafter, it begins to distort from the original circular plan. On 
the upwind side, the growth of the base surge is inhibited by the adverse 
effect of the wind and approaches a flat elliptical shape, the crosswind 
dimensions of the base surge being the transverse axis. The rate of 
growth of the base surge downwind is aided by the wind and assumes an 
elliptical shape in which the crosswind dimension is the conjugate axis. 
The extreme limit of the base surge upwind is 1800 yards. Downwind, 
it extends to about 3000 yards by the end of three minutes. The 
characteristic egg-shaped plan of the base surge is clearly visible in 
several aerial photographs. The maximum crosswind extent of the base 
surge is about 2700 yards from the center of detonation. Presumably, 
this distance is that at which the base surge exhausts the energy supplied 
to it by the detonation and, were no wind existing, the surge would come 
to rest in a circular shape with the edge of the surge on the 2700 yard 
circle. 
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5. By passing a section through the origin of figure 3, the tine dis- 
tance curve of the motion of the base surge up to three minutes can be 
determined for any desired direction. Figure 4 depicts the time-distance 
curves of the movement of the base surge in the upwind, crosswind and 
downwind directions. The character of these curves is interesting. The 
base surge forms roughly ten seconds after detonation around the base of 
the water column (about 350 yards from the center of detonation). The 
base surge advances outward in a ■uniform fashion to about the 1000 yard 
circle. The mean velocity of the base surge during this period is about 
50 knots. During this period of nearly constant velocity, energy is 
being continuously added to the surge by the disintegration of the water 
column. Beyond the 1000 yard circle, the velocity of the base surge in 
the upwind direction begins to diminish rapidly. At the end of the first 
minute the velocity upwind is but 15 knots. The crosswind and downwind 
velocities are nearly eaual. At one minute the base surge has advanced 
about 100 yards further in the downwind direction than in the crosswind 
direction. 

6. Motion in the upwind direction ceases at about two minutes after 
detonation. The maximum distance reached is about 1800 yards. Stagna- 
tion of the upwind side of the base surge corresponds to a rauid decelera- 
tion of the crosswind and downv.'ind portions. The maximum crosswind 
extent of the base surge (2700 yards) is reached at about three minutes. 

At the same time, the velocity of the base surge in the downwind direc- 
tion reaches a constant velocity approximating that of the wind. These 
two facts support the conclusion that the energy originally present in 
the base surge is exhausted at the er.d of three minutes. Thereafter, 



movement of the base surge is controlled entirely by the wind. Beyond 
3CC0 yards dovmv.'ind, the base surge loses its opaque cloudlike appearance. 
It lifts from the surface of the water and begins to disintegrate under 
the action of the wind. Vessels situated at about 3500 yards downwind 
never quite disappear from view. Consecuer.tly determination of the be- 
havior and velocity of the base surge is difficult. 

7. Beyond detonation plus three minutes, the base surge is moving only 
in the downwind sense. One observation was made in this direction, that 
on the C01TYiTGHAl-i . The estimated time of contact' was six minutes. This 
point is plotted in Figure 4 as a circle and agrees well with a straight 
line drawn from the downwind curve at three minutes with an arbitrary 
slope equivalent to a velocity of six knots (the probable wind velocity). 
On the upwind side, the base surge begins to retreat after detonation 
plus three minutes. Three observations of the retreating surge were ob- 
tained and are plotted on Figure 4 as triangles. These observations 
agree very well with a straight line of arbitrary slope equal to six 
knots velocity drawn from the upwind curve at three minutes. The motion 
of the base surge is thus completely represented out to sight minutes 
after detonation. Study of Figure 4 indicates that the base surge 
reaches a maximum diameter in the upwind-downwind direction of about 
4800 yards at detonation plus three minutes. The base surge reaches a 
crosswind maximum diameter of about £4C0 yards at the sane time. There- 
after, the base surge dimensions are static end the surge moves bodily 
downwind at wind velocity. The maximum crosswind diameter is about 
600 yards ■ greater than that in the urn’ -ind-dovnvind direction, indicating 
that the wind was more effective ir. limiting unwind growth than it was 



ir. promoting the downwind extent of the surge. This appears to be 
reasonable. 

8. Figure 5 describes the bodily movement of the base surge downwind 
from detonation plus three minutes to detonation plus seven minutes. 

Figures 3 and 5 together completely describe the motion of the base surge 
from detonation to detonation plus seven minutes. As stated before, 
beyond seven minutes the motion of the base surge is difficult to determine. 
It has lifted to form a cloud at about 10C0 ft. above the surface and has 
begun to disintegrate. However, for vessels underway, the motion of the 
base surge at this time is largely of academic interest, as the vessels 
would have already cleared the area. For this reason, inquiry into the 
motion of the base surge beyond detonation plus seven minutes is not made. 

9. For purposes of assessing the radiation hazard from an underwater 
explosion upon vessels underway, the data represented by Figures 3 and 5 
is not entirely satisfactory as the wind velocity (six knots) which was 
present during Test 3aker is not representative of the mean wind velocity 
to be expected. On the basis of study of available data concerning the 
mean wind velocity in probable operating areas, a wind velocity of 15 
knots was chosen for design purposes. In Figure 4 two dashed lines with 
slopes corresponding to a velocity of 15 knots have been added tangent 

to the downwind and upwind curves. Under this assumption, the base surge 
ceases expanding and begins to move downwind at 15 knots at about detona- 
tion plus 2l/2 minutes. The crosswind curve is unaffected. Although 
it appears obvious that the shape of the curves prior to 2 1 / 2 minutes 
would be altered somewhat by the increased wind velocity, any adjustment 
would be highly arbitrary. Conseauer.tly , no adjustment is made. 



10. Figure 5 represents the development of the base surge of a Baker- 
type atomic bomb under the influence of a 15 knot wind as indicated. The 
development is shown to detonation ulus five minutes or 4000 yards on the 
downwind side. Further development is not investigated due to lifting and 
disintegration of the surge as explained in paragraph eight. The increased 
wind velocity probably would cause lifting and disintegration of the base 
surge at some range closer than that experienced in Test Baker but an 
effective surge is assumed to 4000 yards. It is expected that few, if 
any, cases of vessels underway will involve contact with the base surge 

in the neighborhood of detonation plus five minutes in any event. 

11. Basic data on the radiation intensities encountered during Test Baker 
are derived from film badges placed in various locations on the target 
vessels. The placing of the film badges on the ships was accomplished 

by the ship's crew in accordance with instructions which indicated the 
compartment number and frame number for the location of each badge. Further 
detr ils of the placing of the badges were left to the judgment of the 
ship's force. As a result, no information as to the height above deck, 
orientation of badge, or relationship to location of heavy equipment 
is known. Study of the available data indicates that such variables 
resulted in wide variation of doses received by badges subjected to 
approximately the same radiation. 

12. The data derived from film badges consist of measures of total radia- 
tion dose in roentgens received by the film-badges. The -process by 
which the density of fogging of the film is converted into radiation 

dose is subject to error especially for very light doses and very heavy 
doses. In general, the reading obtained may be in error by as much as 


a factor of 2. 
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13. Document A, made available by the Armed Forces Special Weapons Project 
for use in this study, contains detailed information on film badge dosages 
from Test Baker. The basic data from Document A is reproduced as Figure 21 
It is purported to be the best available information. The great majority 
of film badges were placed within the ship structure and thus record the 
dosage as influenced by the shielding effect of structure and equipment. 
There were 16 film badges located in topside, presumably unshielded, 
locations on 13 ships. Since these badges would apparently offer the most 
accurate data on unshielded dose at the respective target vessels, it -is 
interesting to note their performance. Three vessels, PENSACOLA, SALT 
LAKE CITY and BEISCCE had two topside film badges. On PENSACOLA, badge 
3524, located on the port side of Mo. 1 mount, and therefore nearest the 
burst, registered 6700 roentgens. Badge 3544, located on the outside of 
Ho. 4 mount registered 10,000 roentgens. The^ variation was 3300 roentgens 
or roughly 50$ of the smaller value. On SAIT LAKE CITY, badge 3518, 
located under Mo. 4 mount and hence closest to the burst recorded 1600 
roentgens. 3adge 3514, under a forward mount, recorded 2400 roentgens. 

The variation, 800 roentgens, was 50$ of the smaller reading. BRISCOE 
was nearly broadside to the burst. The burst was on the port beam. 

Badge 3745, located on a port side 20 mm. AA gun, registered 6200 roentgens 
3adge 3755, on the starboard 20 mm. mount opposite, registered 80C0 
roentgens. A variation of 1800 or about 30$ of the smaller value is 
apparent. It is obvious from the above that radiation intensities re- 
corded by unshielded film badges are very uncertain. High readings may 
result from conditions which allow a concentration of fission products 
to accumulate in the immediate area of the badge. Low readings most 
probably result from shielding provided by topside equipment and structure. 



14. The readings on the unshielded badges when compared with the dosage 
registered on badges below deck on the sane vessel also provides con- 
siderable information as to the reliability of the badge readings: 


Shin 

Unshielded Badge 

Hi P-hest Shielded Reading 

WAINWRIGHT (DD419) 

166 R 

340 

R 

PENSACOLA. (CA24) 

6700 - 10,000 R 

3450 

R 

WILSON ( DD408 ) 

7600 R 

4650 

R 

C0UY1TGEAM (DD371) 

220 R 

105 

R 

HUGHES (32D410) 

4900 R 

4275 

R 

BRISCOE (APA65) 

6200 - 8000 R 

3400 

R 

SALT LAKE CITY (CA25) 

1600 - 2400 R 

1700 

R 

KUSTIN (DD413) 

2000 R 

1600 

R 

TRIPPE (DB403) 

4900 R 

5200 

R 

DEKTUEa (SS335) 

340 R 

320 

R 

LST52 

4000 R 

2000 

R 

LST220 

41 R 

86 

R 

LST545 

145 R 

14 

R 

It will be noted that four of the 15 unshielded badges or 25$ of 

readings registered lees 

dosage than some badge located inside the struc- 

ture on the same vessel. 

On five vessels the 

unshielded dose 

: was roughly 


twice the highest shielded dose. The badge recording the highest shielded 
dose on each of these vessels was generally located in the superstructure 
and the average plate thickness shielding the badge from the exterior 
incident radiation was between .2 and .3 inches. The thickness of steel 
required to reduce the incident radiation to 50$ of the outside intensity 
is about .8 inches. Therefore, either the additional structure attached 
to the plating and the equipment in the conroartnent contributed about .5 
inches of steel as shielding or the unshielded values are consistently 



high. On the remaining vessels having unshielded badges, the highest 
shielded dose varies from 10$ on LST545 to 95$ on D2ZTTUDA of the unshielded 
dose. 

15.- Vide variations in badge readings are also observed in the data when 
a correlation is attempted between sister vessels of similar orientation 
to the burst. As an example the four destroyers in the northwest chain 
which had unshi elded badges were selected. These were TRIPPE , 1320 yards; 
VIISOII, 1766 yards; WAIHWHIGHT, 29 52 yards and COlttNGHAM, 3597 yards. A 
shielded badge common to all four vessels is located in the Bos’ns Stores, 


A-101-A, frame 4. The relation of readings from these badges to the un- 
shielded reading is as follows: 


Vessel 

Unshielded dose 

Bos’n Store dose 

A 

TRIPPS 

4900 R 

2600 R 

53 

WILSON 

7600 R 

2300 R 

30 

WAINWRI GET 

166 R 

160 R 

96 

COimiGEaM 

220 R 

72 R 

32 


The shielded dose varies from 30 to 96 percent of the unshielded 
dose. It should be noted that, contrary to expectations, the unshielded 
dose values do not decrease with increasing distance. WILSON appears to 
be in gross error. The shielded values show a more appropriate deteriora- 
tion of radiation dose, This would indicate that shielded badges are less 
subject to extreme variations than those topside. Further investigation 
over a large number of target vessels indicates that badges well-shielded 
by structure or armor tend to give readings which are affected the least 
by differences in location and orientation of the badges. By taking these 
factors into account, it is anticipated that reasonable values of un- 
shielded dose can be derived. 


16. Document A lists, for each target vessel included 'in the document, an 
estimated value of unshielded dose. The basis for determining this dose 
is not evident. However, it is presumed that in general the values listed 
were obtained by study of the actual shielded doses registered on each 
vessel. Before attempting an independent assessment of the data, the 
general distribution of total radiation dose over the array as shown by 
these figures was investigated. Figure 7 is an accurate plot of the Test 
Baker array. The area over which the base surge passed is indicated by 
dashed lines. The unshielded dose, as determined from Document A, is 
shown by the name of each vessel. It will be noted first that many vessels 
are nqt listed in Document A. Some of these ships have no data because 
they were sunk as a result of Test Baker. But in addition to these, there 
are many omissions. Among the most important vessels upon which- no data 
is available in Document A are GASCONADE, 1ST 133, YOG 83, PHIITZ ZUGZN 
and HKIiiD. A cursory perusal of the vessels on which data is available 
indicates three vessels; WILSON, NEVADA and EALPE TAL3CT; the readings 
on which appear to be in gross error, WILSON, located between TRIPFE 
(5000 R) and STACK (3000 R) and at a rough equivalent radius as LST 52 
(4000 R), appears to have a radiation measurement several thousand roentgen 
in excess of expectations. NEVADA (160C R) is situated in the center of 
an area limited on four sides by MAYRANT (8000 R) , TRIPPE (5000 R) , 1ST 52 
(4000 R) and LCT 818 (2000 R) . Its value is much lower than might be 
predicted. RALPH TaL 30T (2000 R) has the same dose as INDEPENDENCE which 
was on the same radius and about 400 yards closer to the burst. Vessels 
at equivalent distances as RALPH TAL3CT are PARC HE (500 R) and 3. : JIRC'.'.'' (150 R) . 
Therefore 2000 R wo-ild appear too high for RALPH TALBGT. As indicated in 


previous paragraphs, other errors in. total unshielded dose are to be ex- 
pected throughout the area because of the 'uncertainty of the data but the 
errors in the values assigned these three vessels (underlined in blue in 
Figure 7) are particularly gross. 

17. Figure 8 is an accurate plot of the Test Baker array with contours 

of total radiation based on the values shown in Figure 7. The three vessels 
underlined in blue and for which the radiation value appears to be in gross 
error have been ignored in drawing the contours. The other doses are 
accepted at face value for the time being. This data is, however, 
admittedly suspect and hence Figure 8 should be accepted on a qualitative 
baais only. 

18. The principal characteristic shown by the Figure 8 contours is that 
the maximum radiation dose does not occur at the center of the array. The 
surface expressed by the contours is saddle-shaped, with the principal 
maximum located downwind in way of 3HUL2 and I-iAYRAKT. A secondary maxi- 
mum exists in way of BRISCOE , ’with an apparent valley through the center 
of the array. The principal maximum is quite definite since both FALLON 
and PElTSACOLi-- have lower values then 3RULZ. Upwind, the maximum is not 

as well defined since no radiation reading is available for GASCONADE. 
However, the values of KEN YORK, HUGHES and P31U7SYLVAKIA point rather 
definitely to a maximum in way of 3EISCQ3. Section A-A, shown at the 
bottom of Figure 8 indicates the distribution of radiation in an upwind- 
downwind direction. 

19. Another remarkable feature of the Figure 8 contours is their tendency 
to ce unsymmetrical 'with reference to the surface wind direction. The 
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direction of the surface wind, 150° true, was determined from observations 
of the base surge. The dashed lines in Figure 8 indicate the directional 
tendency of the base surge. Some of the radiation contours, particularly 
the 5000 , 40C0 and 30C0 contours, seem to share this tendency. The 2000 
and 1000 contours seem to favor the west side of the array downwind and 
the 7000 and 8000 R. contours show a considerable orientation away from 
the surface wind direction. Section A~A, passed through the maxima, has 
a bearing of 138° true. If the radiation hazard was generated entirely 
by the base surge (paragraph 2), one would expect the total dose to be 
distributed symmetrically with reference to the wind direction. The fact 
that the distribution is unsymmetrical indicates that the dose was not 
obtained in so simple a fashion. 

20. It is interesting to compare Figure 8 with the radiation distribution 
chart contained in Volume 1 of the Technical Director’s report. This 
chart is Figure 5 of Enclosure (J) to the Technical Director’s Report. 

The saddle-shaped character of the radiation distribution is not in evi- 
dence. A contour cf "greater than 80C0 K" surrounds the inner vessels 
of the array. All vessels inside the contour are labeled "greater than 
8000 R". Comparison of total dose attributed to various vessels with 
those of Document A shows many variations. Document A is considered 
by AFS'n? personnel to contain the most comprehensive data available. In 
view of the preliminary nature of the drta on Figure 5 of enclosure (J) , 
no particular meaning can be given to the absence of the saddle-shape, 
except that it may not have been anticipated by the group which analyzed 
the data. The orientation of total dose so as to favor the western side 
of the array is equally in evidence as in Figure 8. This trend thus 


appears to be well established. 
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21. In order to investigate the two unusual features of Figure 8, it is 
necessary to inquire into the manner in which the total dose was received. 
The total dose was received in two ways. The first way in which a dose 
was received was by means of direct radiation from radioactive particles 
in suspension in the base surge. This "surge radiation" operates on the 
particular film badge from the time the surge approaches close enough for 
the gamma radiation to penetrate to the badge until the base surge either 
retires downwind or lifts above the array, depending on the location of 
the badge. The remainder of the total dose registered by the film badge 
may be attributed to gamma radiation from fission products deposited on 
the exterior of the vessel. This "deposit radiation" operates on the 
film badge from the time the fission nroducts begin to be deposited in 
the vicinity of the film badge until the badge is removed from the area, 
the intensity of radiation from a given amount of material decaying with 
time according to a known law. The dose from the surge and the dose 
from the deposit combine to form the total dose on the film badge. The 
total dose as recorded by the darkening of the film cannot be broken up 
into the two constituent doses. The deposit dose, however can be obtained 
independently of the film badge data by measuring the intensity of radia- 
tion at some time after contamination by means of a Geiger Counter or 
similar device. The deposit dose is obtained by integrating the area 
under a decay curve passed through the measured value, the limits being 
the time of deposit and the time the film badge was removed (or infinity, 
if the latter time is not known). 
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22. Data on the deposit dose, obtained in the above manner, is contained 
in Document 3, obtained from AFSNP files. Document 3 contains the calcu- 
lated deposit dose for certain target ships based on average topside Geiger 
readings taken from 2 to 29 days after 3aker day. *he details of assump- 
tions made in the calculation are not available. Casual study of the data 
indicates some questionable values. For a first approximation of the 
distribution of deposit dose throughout the array, the data is accepted 
at face value for the time being. The resulting contours, however, should 
be accepted on a aualitative basis only. Figure 9 is a plot on an accurate 
Test Baker array of the data in Document 3. Contours of intensity in 
roentgens are added. The double-peak or saddle-shaped distribution of 
radiation dose is again apparent. It is more strongly defined than in 
the total dose contours in Figure 8. The lower maximum in the upwind 
direction is especially well defined since a value is given for GASCONADE. 
Koving upwind from the center of the array, the values of 'deposit dose 
calculated are: 


GASCONADE 

1050 R 

BRISCOS 

1600 R 

CATRON 

2200 E 

BRACKEN 

565 R 

There is obviously a well defined peak in the neighborhood of CATRON 

^his peak is not as firmly fixed in 

Figure 8 because of the lack of total 


dose information or. GASCONADE. The contours of deposit dose in Figure 9 
also shows a tendency to move toward the west side of the array, especially 
in the downwind sense. The eccentricity is l.c t pronounced that that 
apparent in the total dose data (Figure 8). 
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23. Detailed observation of the deposit dose data in Figure 9 reveals 
several important facts. The deposit dose on IFTTADA is I960 roentgens as 
opposed to an alleged total dose of 1600 roentgens as indicated on Figure 
7. The opinion stated in paragraph 16 to the effect that the total dose 

reading was in gross error is thus justified. In like manner, the deoosit 

* 

dose on Vilson is entirely in keeoing with its location between THIPPS and 
STACK. The total dose sho'-m in Figure 7 is very orobably in error. To 
deposit dose data is available on FALPH TA1BCT. One point of interest is 
the extremely low deposit dose readings on IITEPZTDETCE , PE1TSAC0LA and 
SKATE. These values will be scrutinized closely. 

24. Before proceeding to an independent analysis of gamma radiation with 
the object of obtaining more accurate values than those contained in Docu- 
ments A and B, it is worth-while to plot the distribution of surge radia- 
tion over the array. This is accomplished by -dotting the difference 
between total dose and denosit dose on the shins where these values are 
available. Values for I7EVADA, WILSCT and DAV.'SCT, which are suspect, are 
omitted. The results are shown in Figure 10. Contours of surge radia- 
tion intensity have been added. Since these curves are based on the highly 
doubtful practice of comparing two sets of ’unrefined data, they cannot be 
considered as representing more than a rough oualitative approximation of 
the effect of radiation from the base surge, Tevertheless , Figure 10 
substantiates the results of the photographic analysis of the base surge 
movement to a remarkable degree. The contours, roughly paralleling the 
envelope of the base surge, fit the admittedly few points available very 
satisfactorily. The axis of symmetry of the contours corresponds to the 
wind direction assumed for the surge (150° tru_) . Section C-C passed 
tnrough the wind axis reveals the sir.rie Peaked distribution of radiation 



which might be expected. The peak is slightly upwind of the center of the 
array. This characteristic can be rationalized as the natural result of 
the retirement of the base surge over the upwind side of the array at an 
earlier time than over the downwind sector. The decay of radiation is 
exnonential and so rapid that the time after detonation at which radiation 
is first received is more important than the time spent in. the radioactive 
area. This fact also accounts for the sham rise of the radiation dose 
to the maximum. 

25. Certain provisional qualitative conclusions can be derived from the 
foregoing analysis of the data in Documents A and 3: 

(a) The distribution of radioactivity over the Test Baker array was 
not a single -peaked surface with a maximum at the ooint of detonation. 

The surface of distribution was sad J le-shaped with the principal maximum 
downwind in the neighborhood of 3BULE. A secondary maximum occurs upwind 
in the neighborhood of BHISCOE. 

(b) The double-peaked shape of the surface of distribution of total 
radiation dose is apparently due solely to the dose received from the 
fission products deposited upon the target array. The double-peaked 
character of the distribution of denosit dose was strongly indicated by 
measurements of contamination following the test. 

(c) The distribution of total dose is not symmetric with the en- 
velope of the base surge. This indicates that, assuming the base surge 
envelope to be correct, the total Aose did not result entirely from the 
base surge as stated in paragraph 2. The eccentricity of total dose 
distribution is toward the west side of the array. Studies of Document 3 
indicate tha.t the eccentricity of total dost distribution was due solely 



to the influence of the deposit of fission materials on the targets. 

Again, the tentative conclusion is that the mechanism tv which the fission 
products were deposited upon the target array cannot he explained solely 
hy the movement of the hase surge. 

(d) The residual radiation dose, which when added to the deposit 
dose equals the total radiation dose, was apparently due to radiation 
emanating from the hase surge. The distribution of residual or hase surge 
radiation was a single-peaked surface with the maximum roughly at the 
center of the array. The orientation of the hase surge radiation distribu- 
tion apparently substantiates the studies on the motion of the hase surge. 

26. Following qualitative estimates of the distribution of gamma radia- 
tion dosage after Test Baker, it remained to recalculate the data so as to 
obtain the best quantitative estimate of gamma radiation distribution con- 
sistent with the accuracy of the basic readings. This step was necessary 
because the calculations made previously showed grave inconsistencies and 
uncertainties. It was decided to investigate first the distribution of 
deposit doses as calculated from Geiger Counter readings made subsequent 
to Test Baker. 


27. The basic assumption made in determining the deposit dose was that 
the radiation from deposited fission products diminished ’-'ith time accord- 
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ir.g to a decay lav of T -1 -°. That is, di ^2 > 1*3 


where 




v l l 


d^ is the radiation intensity at time,tj_, 
after deposit and do is the radiation intensity at tine, t2* Figure 11 
shows a curve AB which corresponds to the 1.3 decay law. Ordinates are 
radiation intensities in roor.t-ens oer day while abscissae are time 



(zero tine is fission). Let be the tine at which deposit occurs. For 
purposes of this study, time of deposit, t]_, is considered identical with 
time of contact as listed in Figure 1, rather than time of engulfment or 
some arbitrary time subsequent to engulfment. This assumption is based 
on photographic evidence that the face of the base surge formed an acute 
angle with the surface of the water so as to overhang by several hundred 
yards the extent of the base surge at the surface. It appears that rain- 
out of fission products on the target vessels began prior to engulfment. 
The fact that several target vessels received considerable topside deposit 
although never actually engulfed by the surge (for instance, CARTERET, 

LCT 1013, LOT 1078) gives strong support to this assumption. 


28. Geiger readings obtained subsequent to Baker Day on the target 
vessels represent values of gamma radiation intensity at a time 1 2 
subsequent to time of deposit, t^. Given values of d2, t2 and ti it is 
possible to calculate the integrated dose received from t^ to infinity. 
This is the deposit dose and corresponds to the area under .A3 (Figure ll) 
from t^ on to infinity. If dg is the average topside reading on the 
target vessel, the integrated dose D can be considered as the average 
deposit dose experienced by the vessel. The expression for D is derived 
as follows: 


( 1 ) 



where d„ is the average topside 
Geiger reading at time tg. 


( 2 ) 


r 

l - 



dt 
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Substituting for d in (2), 



Integrating, 
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t, 
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For purposes of this study, the 


d 2 = Geiger reading at t 2 in 
roentgens /day 

t and t = time in days sub- 

C X 

sequent to fission. 

above expression is modified as follows: 
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where d 2 is in H/day, t 2 is in 

c . 

r , ’• » J 

days and t^ is in seconds. 


29. The principal sources of d 2 and t 2 values for the above expression 
were (a) the Interim Baker Decontamination Hencrt compiled by the Bureau 
of Ships Group, (b) Table 1 of Appendix VII to the B2 report from 013E to 
013 dated 25 September 1946, and (c) detailed daily repbrts of Geiger 
readings available in Bureau of Ships files. An effort was made to obtain 
as many conafide readings as possible. For each reading a deposit dose 
in roentgens, assuming that the Particular reading had been arrived at 
along t::e 1.3 decay durvo, was calculated vising expression (4). The most 



probable value of deposit dose was estimated from an assessment of the 
various deposit doses predicted by the readings. The estimate was not 
generally an average of the various predicted deposit doses. Headings 
which were supported by several sources and which appeared to reliably 
represent the original deposit were weighted. The principal factor 
affecting the reliability of the Geiger readings was the decontamination 
procedure used after Test Baker. Decontamination evidently had a much 
higher priority than attempts to gather technical data on contamination. 

As a result, many targets were washed down before any readings were taken. 
Decontamination had a highly variable effect on deposit readings, ranging 
from practically nil (SKATS) to more than a factor of 2 (KU&FOHD) . Con- 
sequently, readings obtained before decontamination were more reliable 
than later readings. Other factors which affected reliability of readings 
were the extent of readings over the topside, the manner in which "hot 
spots" were averaged in the overall reading, and the condition of the 
decks as to rust, sand, etc. Due weight was given to all limitations on 
the data in arriving at the most probable deposit dose. In order to 
qualify the dose thus selected as to the reliability of the data from 
which it was derived, an "accuracy evaluation" has been assigned each 
result. These evaluations range from A to 3 and are defined as follows: 

A within + 10'; 

3 within + 25p 

C within + 50^? 

D ITo statistical significance (single points 

or widely spaced points) 

3 suspected data 

It is important to note that all doses recorded by C-eiger Counter measure- 
ments are of gamma radiation only. L'ota rjarticles '.-'ere not measured. 
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The results of the deposit dose calculations are shown in Figure 12 


(A to F). This tabulation is self-explanatory. The results of the two 
right hand columns of Figure 12 are plotted on an accurate Test Baker 
array in Figure 13. The area swept by the base surge is indicated by a 
dashed line. Contours of deposit dose based on the values plotted in 
Figure 13 have been represented in Figure 14 so as to avoid over-complica- 
tion of Figure 13. Several important characteristics of the distribution 
of deposit dose are apparent at once from casual study of Figure 14. host 
prominent is the fact that at least four maxima are evident. The quali- 
tative study represented in Figure 9 indicated only two peaks. That a 
hollow or saddle exists in the center of the array is still apparent, 
however. This is, perhaps, the most important characteristic of the 
deposit dose distribution. A third characteristic of the contours of 
Figure 14 is that an orientation^ of the deposit distribution toward the 
western side of the array is no longer in evidence and has been replaced, 
apparently, by an orientation to the eastward downwind. There are, how- 
ever, certain limitations on the data which must be analyzed in order to 
arrive at a true picture of the distribution of the deposit dose. 

31. The data represented in Figures 12 to 14 constitutes the best 
quantitative estimate which can be made with the data obtained at 3ikini 
as to the actual denosit dose experienced by the Test 3aker target array. 
All known data on this problem was used in the calculations of Figure 12. 
The accuracy of the result is indicated by the evaluations assigned each 
value. Of 47 vessels receiving a denosit dose of 25 roentgens or more, 

28 were assigned an accuracy evaluation 3 (+ 25^), 10 we re assigned an 
accuracy evaluation A (+ 105i) and the remainder (nine vessels) received 




an evaluation of C or I and car. be considered statistically indeterminate, 
"o suspected values (evaluation E) resulted. In addition, the contours 
of Figure 14 are weighted toward the A and B evaluated points. Conse- 
quently, the contours of Figure 14 represent the actual distribution of 
deposit dose after Test Baker to within a few percent. 

33. The actual deposit dose experienced by the target vessels after 
Test Baker is not of primary interest in this study. What is required 
is the distribution of deposited fission •oroducts over the area affected 
by the detonation. If the adsorption characteristics of the target ship 
surfaces were in all cases identical, the distribution of deposited 
fission products would be identical with the distribution of actual 
deposits experienced by the target vessels. It is well-known to person- 
nel who inspected the targets after Test Baker that the condition of 
exposed surfaces varied greatly throughout the array. Consequently, the 
contours of Figure 14 include a distortion resulting from variations in 
the ability of target ship surfaces to collect and hold the fission 
products. It does not apnear possible to correct for' this distortion 
on each vessel in the array due to lack of data on the exact condition 
of each target, and, more important, because of lack of concrete informa- 
tion as to the adsorption characteristics of various surface conditions. 
P.ecent detail monitoring of CF.ITTElTDSiT at San Francisco i’aval Shipyard 
has revealed important information on this subject which enables a 
reasonable correction to be made. The following is quoted from the reuort 
on Project 41-47 of 29 September 1947 concerning experimental monitoring 
of CRITTZITDEIT: 

(a) Contamination collected in low spots and places where drainage 



(b) Rusty areas retained more contamination than painted areas. 


33. Careful study of the detailed monitoring of CRITTZ1TDZL7 indicates 
that variations of contamination over various surfaces was only signifi- 
cant in way of rusty, poorly drained surfaces. Readings in such loca- 
tions were higher "by a factor of about three. Therefore, as a first 
approximation, the variation of adsorption characteristics among target 
ships can be discounted except for vessels whose external surfaces were 
rusty and poorly drained. Bureau of Ships inspections indicate that one 
target type, the LST, belonged in this category. LST 661 was especially 
rusty. Further, LST decks are poorly drained. It is considered, there- 
fore that the maxima shown on Figure 14 in way of LST 52 and LST 661 is 
entirely due to increased adsorption of fission products by the deck 
surfaces. If the deposit dose assigned LST 52 (6C0C R) is compared with 
CRITT21TDSN (2750 R) and PRI1JZ EUGET (1750 R) on the opoosite side of the 
array the equivalent deposit dose for LST 52 would appear to be'about 
2500 R. Similarly, the equivalent dose on LST 661 should approximate 
HUG-FORD (1500 R) and that on LST 220 should equal C017YNGHAM (lOO). It 
will be noted that these reductions are by a factor of 2.5-3 which is 

in good agreement with the experimental evidence. Figure 15 shows con- 
tours of deposit dose resulting when deposit doses cn the LST's are 
arbitrarily reduced to the amounts indicated in brackets. 

34. Several vessels other than LST's had exterior surface conditions 
sufficiently at variance with the majority of targets to make the fis- 
sion product deposit represented by their deposit doses open to question. 
For instance, it has been established that porous materials collected 


contamination nore efficiently than r.on-porous materials. The concrete 
drydock, A3DC-13, feeing more porous than steel vessels, probably received 
a greater deposit dose than would have feeen received fey a steel vessel 
at the same location. However, since the 3250 roentgen dose received oy 
AHDC-13 has an accuracy evaluation of D, it is idle to attempt a reduc- 
tion because of porosity, especially since the effects of porosity have 
not been evaluated quantitatively. Similarly, the value recorded on 
INDEPENDENCE has also feeen left unchanged, although it profeafely is some- 
what high due to the poor drainage characteristics of the uoper surfaces 
resulting from severe Test Able damage. The probable variation in 
deposit dose recorded on the above vessels is judged to lie within the 
range specified fey the assigned accuracy evaluations. 

% 35. It remains to investigate the reasons behind the configurations 

shown fey the curves in Figure 15. There apoear to fee two major and one 
minor maxima established fey the contours. All three peaks occur over 
a radial range of 500 to 1000 yards, centered approximately on the 
1C00 yard circle. After considerable study and the investigation and 
rejection of several unsuitable hypotheses, it was determined that the 
peaks evidenced on Figure 15 coincide spatially with the location of the 
early fallout from the mushroom head as shown by photographs. It was 
also established that the height of the peaks agreed generally with the 
time of the fallout. That is, the fallout in the vicinity of SRULZ _ 
PENSACOLa was earlier than that in the vicinity of C-ASC C.'ADE , etc. 

Figure 16 through 19 depict the principal data which can be obtained 
from photographs. The earliest fallout from the mushroom is r.ot over 
BHUIo _ PElISACOLa, the "hottest" vessels in the array. Figure 17 
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definitely establishes that the earliest fallout fell into the southern 
sector of the array between rSITl 1 SYLVAITI A and SKATS. This area should 
be the sector showing the greatest deposit dose in the array, if the 
hypothesis is true. Unfortunately, no vessels were located in this 
sector and thus the hypothesis loses a certain amount of substantiation. 

The remaining fallouts provide a good measure of information. The 
western deposit occurs first and extends from PZNSACOLA to YOG- 83. Although 
contact with the sxirface is hidden by the base surge, the time of 
contact can be estimated roughly as about one minute after burst. The 
fallout over GASCONADE falls shortly, thereafter. It is important to note 
that at times approximately one minute after burst, a time difference 
of ten seconds in the two times of fallout is equivalent to a 20-25^ re- 
duction in radiation intensity according to the T -1 * 3 law. For contribu- 
tion to deposit dose, however, the time difference has the one effect 
of changing the time of deposit, t-^, since the deposited and undeposited 
products are aging at the same rate. This time delay is too short to 
account fully for the difference in deposit dose in the two fallout areas. 
Apparently, the earlier fallouts contain a greater amount of fission 
products then somewhat later fallouts. 


35. A second rough substantiation of the argument that the fallout from 
the mushroom head contributed a considerable proportion of the contamina- 
tion deposited upon the target vessels can be had by observing in which 
sectors there was a conspicuous absence of fallout or very much delayed 
fallout. The most prominent "hole" in the fallout ring as observed by 
study of photographs is the vicinity of ITAGATO and SALT LAICS CITY (See 
Fi.pures 17 and 18). A secondary "hoi---" in the vicinity of SKATS is 
noted in ei-pire 15. Both these areas show moderate deposit doses compared 


to tiie 




1 


peaks under fallouts. 
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37. Based on the hypothesis that deposit doses were greatly enhanced 
in way of the fallout "ring" from the mushroom head, the distribution 
of deposit dose over the target array can be visualized in three dimen- 
sions as having a shape comparable to a volcanic mountain containing a 
crater in the center. The fallout ring produces the rim or wall of the 
crater. This rim is not smooth but consists of several peaks and valleys 
around its perimeter corresponding to the unequal times and amounts of 
fallout. The center of the crater and rim is not the center of the array. 
Downwind, in the neighborhood of BRULE , YOG 83, MAYRAITT and NEVADA , the 
mean distance from the center of the array is about 10C0 yards. Upwind 
in way of GASCOiTADE, the mean distance to the center is but 600 yards. 
PENSACOLA, crosswind, is about 800 yards from burst. The fallout ring 

is thus about 1600 yards mean diameter, displaced downwind from LSI! 50 
about 200 yards. Since the mean time of fallout is estimated to be about 
one minute, the velocity of movement downwind of the mushroom must be 
about 2C0 yards per minute or 10 feet per second. This corresponds to 
a speed of six knots or surface wind speed. This motion of the mushroom 
is substantiated by studies of photographic evidence. 

38. Figure 20 shows the rim circle or mean circle of the fallout from 
the mushroom in elevation and in expanded form, that is, broken at C° true 
and laid out flat to demonstrate the contour of the crater rim. Ordinates 
are deposit dose values while abscissae are true compass bearings from 
the array center. Locations of target vessels on or near the rim circle 
are indicated. Portions of the profile which are fairly well fixed by 
specific target ship doses are represented by a solid line. In certain 
sectors of the circle, data on the shape of the contour is incomplete 
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because of gaps in the spacing of the target array. These sections are 
indicated by a dotted line. In addition, probable profiles in the uncertain 
sectors, as indicated by studies of the fallout pattern, are represented by 
a dashed line. Figure 20 shows probable profiles in two sectors. The peak 
represented by the earliest fallout, which did not contact any targets, is 
shown between 180® true and 220° true. The maximum value has been esti- 
mated at 6000 roentgens from comparison with known values of P32TSACCLA 
and HRULS. A probable minimum deposit in way of HAGATO, which was not 
measured, is shown at 30° to 40° true. This valley is estimated at 1000 
roentgens by observations of the "hole 1 * in the fallout ring from photo- 
graphic evidence and a low value of deposit on LCT 818. 

39. The shape of the fallout ring profile shown in Figure 20 demonstrates 
the irregular nature of the deposit from the fallout. For design purposes, 
an average expectancy or mean value . of deposit dose in way of the fallout 
is necessary. This mean deposit dose, which gives an area equal to the 
area under the profile in Figure 20, is 3924 roentgens. A horizontal 

line representing this dose is shown on Figure 20. For design purposes, 

4000 roentgens is a convenient value for the average expected deposit 
dose to be experienced by a vessel stationary on the rim circle or mean 
location of the fallout ring. This would be the maximum deposit to be 
expected under design conditions. 

40. An approximate measure of the deposit dose of the center of the 
array can be calculated from a Geiger reading obtained by aircraft at 
burst plus one hour. The intensity of radiation neaf the water surface 
at the center of the array was 400 roentgens per 24 hours at this tine. 
Assuming that the deposit occurred one second after burst (it was probably 
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later '/hen the surface subsided.) the integrated deposit dose from expres- 
sion (4) is 650 roentgens. This indicates the denth of the ’’crater” in 
the center of the deposit dose distribution. TKe deposit dose of the 
center of the array is shown as a horizontal line on Figure 20. 

41. In summary. Figure 14 represents the best quantitative data available 
to the Bureau of Ships on the actual distribution of deposit dose on Test 
3aker target ships. Figure 15 represents the best quantitative data avail- 
able to the Bureau of Ships on the distribution of deposit over the array 
after certain elementary corrections are made for the variations in ability 
of target ship surfaces to absorb fission products. Studies of photographic 
records indicate that the maxima in Figure 15 corresnond with early fall- 
out from the mushroom head. It is hypothesized that these maxima are 
indeed the result of contamination from the fallout and that, ideally, 

the contamination would be in the form of a ring of high deposit values. 
Actually, the deposit values in the ring are highly variable and form an 
annular series of maxima and minima. Considerable accurate analysis by 
persons skilled in Photogramme try is necessary to explore this hypothesis 
and to determine the space, time and rate of fallout factors which control 
the deposit dose received. 

42. Analysis of the total dose of gamma radiation experienced by the 
target ships is based on the film badge data recorded in Document A. The 
principal data from Document A is reproduced in Figure 21 (A to K) . This 
represents the best and most complete information obtainable from the 
files of AFSVJ?. All measurements are of gamma dosage only, which is 
consistent with the deposit dose calculation previously made. Nearly all 


readings are of shielded badges; that is, badges located within the target 
so as to be protected to a greater or lesser extent by structure and equip- 
ment. The influence of the shielding on the badge reading is not under- 
stood quantitatively as yet. It apparently is many tines the shielding 
effect which might be expected from consideration of the plating thicknesses 
interposed between the badge and the exterior of the vessel. The problem 
of determining the effective shielding of ships' structure will be the 
subject of a separate study. 

43. Sixteen film badges on thirteen targets were located topside in 
presumably unshielded locations. Paragraphs 13, 14, and 15 state the 
reasons why the reliability of these badge readings is open to question. 
Consequently, the actual total dose experienced by each target vessel 
must be estimated largely from comparison with other targets having badges 
in similar locations. Certain targets whose total dose is considered 
to b e well established will be used a3 key targets or "bench marks" from 
which to measure the total dose received by neighboring vessels or vessels 
of similar type. Deposit doses recorded in Figure 12 will enable a mini- 
mum value of total dose to be established in nearly all cases. As was 
the policy in estimating deposit dose, an accuracy evaluation identical 
to that established in paragraph 29 will be placed on each estimated 
total dose to indicate the reliability of the estimate. All estimates 
will be of unshielded total dose experienced by the targets. It should 
be noted that film badges were taken off the targets during a period of 
weeks follov/ing the test. Deposit doses were calculated to infinity as 
regards time. In this study the film badge results will be taken as the 

i 

total dose to infinity in regard to time since the "tail" of the curve 


J 
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of radiation iron: the deposit beyond several days does not contribute 
appreciably to the total dose. 

44. It is essential to a comparison analysis of the total dose that cer- 
tain datum vessels exist, for which the required values of the total dose 
are known with reasonable certainty. Otherwise there would be little 
quantitative significance to the film badge results. The actual film badge 
readings are highly relative because of undetermined shielding effects and 
certain problems of converting the badge densities to roentgen readings. 
Fortunately, several target vessels can be used as datum vessels for the 
rest of the array. In general, these vessels are remote from the center 
of the array and downwind. Because of the early lifting of the base surge, 
these vessels never actually disappeared into the surge but were merely 
rained upon from above. Consequently, the deposit dose and total dose 
should be nearly identical. The following targets were investigated first 
to establish accurate total dose values, if possible: 

(a) LST 545. 

This ship was the outermost downwind LST (see Figure 13). 

It never disappeared from view of towers on Bikini and Araoen as the base 
surge passed over it. The estimated deposit dose was 150 roentgens 
(Figure 12-0). An unshielded badge on the starboard lookout recorded 
145 roentgens total dose. This is an excellent check and the estimated 
total dose was set at 150 roentgens, accuracy evaluation A. 

(b) C0ITY1JGHAM (DO 371 ) 

This vessel was the outermost vessel in the north-west 
destroyer chain. It never disappeared from view as the base surge passed 
over it. Consequently, the total dose would be expected to agree 
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substantially with the estimated deposit dos^. The estinatcd deposit 
dose was 100 roentgens (Figure 12-C). An unshielded badge on l*o. 1, 5-inch 
gun mount registered 220 roentgens. This reading is considerably higher 
than might be expected. On the basis that deposit dose might be as high 
as 125 - 150 roentgens, a total dose of about 150 roentgens would be more 
in order. The highest shielded reading recorded was 105 roentgens in the 
pilot house. This appears reasonable. However, because of the variations 
in badge readings on CQUYITGHAM , the data docs not warrant using this 
vessel as a "key" target ship. 

(c) LOT 1078 

This craft lay just outside the oath of the base surge in 
the north-east LOT chain. It was rained upon by the overhanging portion 
of the base surge. The estimated deposit dose was 100 roentgens (Figure 
12-E) . A badge in the nilot house registered 102 roentgens. The pilot 
house on an LCT is nearly transparent to gamma radiation. In addition 
to the deposit dose, LCT 1078 undoubtedly received some "surge radiation" 
from the base surge which nassed within 200 yards of the vessel. On this 
basis, a total dose, unshielded, of about 125 roentgens appears to be 
a reasonable figure. An accuracy evaluation of 3, comparable to that 
of the deposit dose estimate, is Justified. 

( d) LCT 705 

LCT 705, situated outside the oath of the ba.se surge on 
the west side of the array received a deposit dose of 25 roentgens from 
the overhanging portion of the base surge. The radiation from the base 
would have been comparable to that experienced by LCT 1078. A badge 
located in the pilot house registered 40 roentgens. On the basis of the 
same considerations as (c), a total dose of 50 roentgens with accuracy 
evaluation of 3 is a : su.~.ed. - 



(o) TRIPPE (DD403) 

HUGHES (DD410) 

These two destroyers were located in different sectors 
of the array, TRIPPS in the northwest destroyer chain and HUGHES on the 
east side of the array. 3adge readings strongly indicate that these 
vessels sustained identical, total doses from Test Baker. The ■principal 
supporting badge readings are as follows: 



HUGHES 

TRIPPS 

U1TSHISLDED 3aDGE 

4900 

4900 

BOS 'IT'S STORE 

2600 

2600 

No. 1 HANDLING ROOK 

1800 

1925 

GTJHDIRHCTOR 

4275 

3900 


These figures indicate that a toted dose of about 5000 roentgens 
would be reasonable for both vessels. Principal discrepancies in the 
data are: 

HUGHES TRIPPE 

TORPEDO SHACK 1750 5200 

G.t.S HASH STOWAGE 470 1750 

The torpedo shack value on TRIPPE is higher than the unshielded 
badge and is open to question. The discrepancy in doses in the gas cask 
stowage in the stern may be eJrplained by the flooding of the stern of 
HUGHES. In view of the close agreement among the film badges supporting 
the estimate, a value of 5000 roentgens is assumed, with an accuracy 
evaluation of 3. 

45. The vessels investigated in paragraph 44 are the only targets for 
which a firm judgment of total unshielded dose can be made at the outset 
of the study. Further estimates must be obtained by comparing various 
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target vessels with adjacent ships or ships of similar class. fortunately, 
a large number of the target ships were placed in ’’chains” of like vessels 
extending out from the center of the array like spokes of a wheel. These 
"chains" are ideally suited for comparative analysis of*' total unshielded 
dose. Investigation of each chain had the following results: 

(a) Horthwest Destroyer Chain. 

Data on the northwest destroyer chain is plotted in Figure 22. 
Ordinates are dose in roentgens. Abscissae are distance in yards from 
center of burst. The location of the eight destroyers in the chain are 
indicated. Curves have been drawn through points representing badges in 
substantially identical locations on each ship. The location of the badge 
is indicated on the curve. In addition, a curve of estimated deposit 
dose has been shown. With the aid of these curves and the unshielded 
check point of 50C0 roentgens previously estimated for TRIPPE, a curve 
of estimated total doses has been drawn. The unshielded total dose esti- 
mates taken from this curve are as follows: 

ACCURACY 

EVALUATION 


KAYRAiTT (DD402) 

8000 R 

C 

TRIPPE (DD403) 

5000 R 

B 

WILSOH (DD406) 

3800 R 

B 

STACK (DD406) 

3200 R 

3 

HHI17D (DD404) 

2700 R 

C 

MUG-FORD (DD389) 

1750 R 

B 

wAIir.vRI GET (DD419) 

500 R 

B 

COKYITGHAM (DC371) 

125 R 

3 


An accuracy evaluation of 3 has beer, given these values with the exception 
of two cases. The dose estimated for MAYRA! *7 has been given a C evaluation 



"becau.se of the difficulty in assessing the reading of film badges at very 
high levels of radiation (greater than 6000 roentgens, roughly), "he total 
dose on this vessel may be somewhat higher than estimated as a consequence. 
The RKIliD estimate has a reduced accuracy evaluation because of the lack 
of supporting badge readings on this vessel. Study of the character of 
the curves in Figure 22 is most instructive. It will be noted that the 
curves for badge locations below the weather deck reflect the strong in- 
fluence of the deposit dose characteristics. Eowever, the downsweep of 
the deposit dose curve from TRIPPS to i;.o.YRA17T has disappeared or is greatly 
reduced by the effects of the "surge radiation 1 " which, within about 1200 
yards becomes more intense than that emanating from the deposit. It will 
also be noted that the curve for the director, which is remote from the 

deposit -laden decks and more exposed to the surge radiation, follows the 

* 

total dose curve very closely except at ranges beyond 3000 yards where 
the surge radiation has become very small due to the lifting of the base 
surge. In this region, the very remoteness of the director from the mass 
of deposited material causes its dose to fall off more rapidly than the 
average. 

(b) Western APA Chain. 

Data on the western APA chain is plotted in Figure 23. The 
dose-distance grid is identical to that in Figure 22 and the target shins 
involved are indicated at their proner distance from the burst, as in 
Figure 22, the curve of estimated deposit dose is shown. Hr "key" vessel 
exists in this chain to act as a check point. Conseauently, the character- 
istics of the curves depicted in Figure 22 for the northwest destroyer 
chain are relied upon to indicate the oroner curve of estimated total 
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dose. Bstinated total doses tafcen from this 

curve on 

F i gure 23 r- r.d 

rounded off in view of the accuracy involved 

are as fellows: 

FALLON (APA81) 

10,000 R 

ACCURACY 

EVALUATION 

C 

3HULE (APA66) 

9,500 R 

3 

DAWSON (,iPA79) 

6,700 R 

3 

CRITTENDEN (APA 77) 

3,0^0 R 

3 

BARROW (APA61) 

1,500 R 

3 

BANNER ( APA60) 

700 R 

D 

BUTTE (A?A68) 

400 R 

B 

CARTERET (APA70) 

130 R 

B 

CORTLAND (^PA75) 

10 R 

B 

Inasmuch as the film badge data and deposit 

dose data 

is estimated to be 

sufficiently accurate to give results within 

+ 25g of 

the correct values 


an accuracy evaluation of B is given with two exceptions. Ko topside 
unshielded or lightly shielded badge readings are available on FALLON. 
Hence, the curve has been influenced in this region by the behavior of 
the destroyer curve in Figure 22. However, the drastic down-sweet) of 
the shielded curves depicted in Figure 23 indicate that the surge radia- 
tion was less effective in this quadrant and hence, FaLLON's total dose 
nay be considerably lower than estimated. A lower accuracy evaluation 
is nade to indicate this possibility. Fairing of the deposit dose curve 
indicated that the deposit estimate for BAILOR was much too high. 

Figure 12-3 indicates that the estimate of 1000 roentgens deposit dose 
nade for BAIL "ER was made on the basis of three geiger readings, two of 
which gave deposit doses in the neighborhood of 1000 roentgens. The 
third gave a much lower dose, 659 roentgens. The curve in Figure 23 



indicates that the third reading was more representative of the actual 
deposit dose. The curve of deposit dose shown in Figure 23 is estimated 
to be auite reliable in this region because of the accuracy of the estimate 
for 3AH30V and BUTTS, ve.ssels adjacent to BAITFSH in the chain. On the 
basis of these considerations and in order to. maintain a consistent rela- 
tion between deposit and total dose for each vessel, the estimated deposit 
dose for MlhJSR has been changed to 600 roentgens and the accuracy evalua- 
tion lowered to B. A total dose estimate of 700 roentgens is made and 
an accuracy evaluation of B placed upon the estimate in view of the con- 
flict with the original denosit estimate. The characteristics of the 
curves in Figure 23 reflect, in general, the same influences noted on 
the destroyer curves (Figure 22). Badge locations below the weather 
deck reflect the character of the deposit dose curve while the wheelhouse 
badges tend to approach the total dose curve in the close-in region where 
surge radiation becomes of paramount importance. In addition, the twin 
curves of badge locations in the S.B. Stores compartment, frame 20, give 
very interesting information on the transparency of the sides of the 
vessel to gamma radiation. One set of badges was located on the port 
sides of the compartment and the other on the starboard sides. Thus, 
in addition to a common dose received from radiations from overhead, 
each set of badges reflects a dose received through the adjacent shell 
plating. It will be noted in Figure 13 that this chain of AFA's were 
so situated that the center of the burst was on the port side. From 
the outermost vessel in toward the center, the port badge readings 
are consistently above the starboard badge readings, indicative of the 
radiation received from the face of the- base surge as it approached the 
port side of *_ach vessel. Beginning at 1600 yards approximately and 



progressing in toward the center of the array the port side doses begin 
to increase abruptly, rapidly drawing away from the starboard side badge 
readings. The port badge reading on UAV'SCN was 1880 roentgens while the 
starboard badge reading was only 495 roentgens. This indicates that 
some other effect has been ad J ed to the base surge radiation on the port 
side of the DAWSON. Paragraph 35 demonstreted that an early fallout from 
the mushroom cloud fell on the port side of DAWSON in the neighborhood of 
3RULS. It was postulated that this fallout was highly radioactive. The 
radiation from this fallout would account for the radically increased 
port badge reading on DAWSON. This hypothesis is supported by the 
character of the curves at closer ranges. At BRULE, the two curves have 
approached again, indicating that the fallout fell all around BRULE 
leaving only the radiation from the face of the base surge to have its 
selective effect on the port badge. PALlCiT was inboard of the BRULE 
fallout so that it fell on her starboard side. As a result the curves cross 
between BRULE and FALLON, the starboard badge then recording the higher 
reading. Apparently the radiation from the BRULE fallout was mere in- 
tense on FALLON than the radiation from the approaching face of the 
surge. This demonstrates that the fallout over BRULE was very "hot" 
and supports the hypothesis investigated in paragraph 35 and subsequent 
paragraphs . 

(c) Southern aPA Chain 

Data concerning total dose distribution along the southern APA 
chain is plotted in Figure 24. The data is rather meager because only 
four ships had significant doses and no cadge readings were available 
on one of the most important c-f these, 'L-SCGNADZ. Also, badges were 
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only four shielded curves could he dr^wn. The badge readings in tne 
wheelhouse were available on CATRON and BRACKEN only. However, 3RISCCS 
had a badge in the Dental Office on the upper deck at Frame 105. This 
badge location would be roughly equivalent to the wheelhouse location. 
BAITNER., in the western chain, had badges in both locations which 
regi stered substantially the same dose. Assuming that the locations ^are 
comparable, the dose recorded in the Cental Office has been plotted on 
the wheelhouse curve for 3RISC0E. On the basis of the character of the 
shielded curves and the estimated deposit dose curve, a curve of estimated 
total dose has been drawn. Two unshielded badges on 3R.ISC0E have been 
used as check points, the curve being passed midway between their values. 
The estimated total dose for each vessel, as taken from this curve are: 

ACCURACY 

EVALUATION 


G a S C ONADB 

9000 R 

c 

BRISCOE 

7000 R 

B 

CATRON 

3500 R 

3 

BRACKEN 

1500 R 

3 

FILLMORE 

10 R 

3 

■oTmDEI: 

Negligible 


GELTZVA 

n 



NIAGARA " 

The estimated dose for GASCON. J)E is given a reduced accuracy evaluation 
because of the lack of film badge data on this vessel. The character 
cf the curves in Figure 24 reflect the influences noted on previous 
cnains. The be low-decks badges show the strong influence of the denosit 
while the wheelhouse curve tends to fellow the total dose curve, 



Illustrating the increased influence of the surge radiation in the. dose-. 

•; a- •. *• V ■*=.-' fir'll f- ;• . ■•' - '• 

-in region. ~Urfortuhateiy,;lio badge readings are available^ on GASCOHiEB 


-so that it is impossible to check the shane of the deposit dose curve 
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... ■ in ttda region. " Thia hump in* the deposit dose curve la due to the local 
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Xallout in way of afSCOHUE. Since this chain extends unwind,, there was 

• --3 -v* . -i. .^2- if** W*~ -V" 

-.■--'no tendency for. the" fallout, to extend- its influence to vessels further % v 


'. i, =-_ Cd) v. Hortheast LOT chain. 'The data avaiiati'e 're^rding: : the' totai : .’ ^ 
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.v : LCT , being a li^t *Tuncoop2icated.craf t', is fairly tj^sparehtiia^ - 

' radiation^ The curroa represeatifig tedges in the ,Boa v -iL‘loeki 0 r. r ^ft crew*s r ;y : 
quarters, thus" give an 'excellent clue to' the nature of the- total dose * i 


curve in the region- beyond 1500 .yards. The two curves are substantially * 
^identical and indicate that the observations were of high quality. 5he ^ • 
engine room, sdthoiagh considerably transparent to t£e surge radiation, ‘ 
shows the strong influence of the deposit and, gives a fair checfir of the ’ 
deposit curve in this region. The sharp rise in the deposit curve from 
LCT 818 to LOT 816 is due to the fallout over the latter ship, lie • . , r - 

•_1CT 816 deposit dose is corroborated by the dose on 1ST 133, a- close 
neighbor in -the array. ITo badge . readings are available for LCT 816. - 

As a consequence, the accuracy evaluation of the total dose for this 
vessel is reduced. The total dose estimates for the LCT chain are as 


follows: 


ACCUHACT 


LCT 816 5300 H 

LCT *818 3000 H 


LCT 874 850 R 


LCT 1078 120 R 

LCT 1112 and 1113 10 R 







ACCURACY 
D7ALUATI PIT 


LST 

52 

4000 R 

3 

LST 

661 

1750 R 

B 

LST 

220 

275 R 

3 

LST 

545 

150 R 

A 


46. Determination of total dose on vessels not lying in a chain of 
similar vessels reauires individual study and comparison. This is most 
easily accomplished on vessels where estimates have already been made 
for sister or similar ships in chains. Destroyers not lying in chains 
are HCJGH3S , MUST III, and HALFH TAISOT. The total dose on EUeHZS has 
already been established at 5000 roentgens (paragraph 44). MUSTI17 had 
an unshielded badge .which registered 2000 roentgens. To test this 
value, comparison is made with badge readings on YUGFOSD, for which a 
total dose of 1750 roentgens (3 evaluation) has been made. 


Compartment 

MUSTIR 

MUGFORD 

Inside i!o. 1 Mount 

1600 

1750 

No. 1 Handling room 

1 

235 

190 

Bosn’s Stores 

1600 

420 

Ho. 1 Magazine 

79 

36 

Deposit estimate 

1000 

1500 

The kUGLORD reading inside Ho. 1 mount is 

probably ir. 

error since 


identical with the total dose estimate. On the basis of other consider 
tions a total dose for MUSTII* of 20C0 roentgens appears to be quite 
reasonable. An accuracy evaluation of 5 is made. 3adge readings or. 
RALPH TALBOT appear to be slightly higher than those on i-iUSTIl' in a 
very consistent manner that warrants a total dese estimate of 225L' 


roentgens, accuracy evaluation B. 


) 
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47. Ho badge readings exist for LST 133 but inasmuch as this craft was 
very close to LCT 816 and the two vessels sustained the identical deposit 
dose, an estimate of total dose of 5000 roentgens, accuracy evaluation C, 
is made, agreeing with that for LCT 816. Comparison of other landing 
craft with craft as similar construction and location resulted in the 
following estimates: 

ACCURACY 

EVALUATION 


LCT 1013 

250 R 

B 

LCT 1115 

Negligible 

C 

LCT 332 

750 R 

C 

LCI 327 

350 R 

C 

LCI 329 

10 R 

C 

LCI 549 

Negligible 

C 


48. Battleships . Badge readings on the three surviving battleships 
are very misleading unless analyzed carefully. This stems from the fact 
that badge locations on PENNSYLVANIA were generally high in the vessel 
and received large doses. Six badges registered over 1000 roentgens. 
Badge locations on NEVADA, on the other hand, were generally deep within 
the ship and generally protected by heavy armor. Doses recorded on 
*7Z7 aDA we re thus low, the highest being 440 roentgens for a location on 
the third deck. Pirst appearances indicate that PEEL'S YLV.1TIA sustained 
the higher total dose but close analysis indicates quite the reverse. 
There are practically no comparable badge locations on the two vessels. 
Only one roughly comparable location was found. A badge in D-430-T on 
NEVADA registered 4.9 roentgens while a badge in A-427-K on F ELD'S YL TAFT A 
registered but 0.23 roentgens. Fortunately, HEN YORK, tho third battle- 
ship, had several badge locations comparable to those on FENN3TL VANIA 



and several In locations comparable to 1IZ7A2A. Moreover, the total dose 
on NZVI YCHZ is apparently midway "between the other two. P3F1* SYLVA2T IA is 
used as the quantitative check point, the estimated total, dose being 3500 
roentgens as determined by comparison with close neighbors, particularly 
CL-JEROiT. 3ased on a study of the data in Figure 21 -A, the following total 


doses are estimated. 


ACCURACY 

ZVALUaTIOIT 

PSITli SYLVANI A 

3500 R 

B 

1EV YORK 

4000 R 

B 

I3VADA 

4500 R 

B 


49. Cruisers . PSITSaCOLA had two unshielded badges which registered 
6700 roentgens and 10,000 roentgens respectively. Since the deposit dose 
on this vessel was calculated to be 6700 and she was located so as to 
receive a large surge radiation dose, the latter value is probably more 
nearly correct. In the absence of other data, a value of 10,000 roentgens, 
accuracy evaluation 3, is estimated. SaLT LaK3 CITY also had two un- 
shielded badges, registering 1600 and 24C0 roentgens. These badges, 
unfortunately, were located under the turret overhangs and thus derived 

l 

considerable shielding apparently. This estimate is supported by high 
internal readings: Pilot House 17CC; "indless F-ocm, 1400; Znerger.cy 

Radio Room, 1500. The pilot house on FZITSaCCLA had readings of only 
about 3000 roentgens. After study of badge data in Figure 21 -C and com- 
parison with neighboring targets, an estimate of 3250 rcentger.s total 
dose, accuracy evaluation C, was made for the SaLT CITY. 

50. Subma ri nes . The data on SHaTZ and P.-.RCHE is difficult tc assess 
quantitatively. The badge reading of 68CO, recorded in GZ.-.TZ ' □ officer's 
country, appears to b • erroneous. The best probable reading appears to 
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be that in. the forward escame trunk, 20CO roentgens. Elementary considera- 
tions of . the shielding involved make a total dose estimate of 5000 roentgens 
reasonable. The accuracy evaluation is judged to be D. The ? ARCHE readings 
are only about one-seventh of those on SKATE. However, FARCH3 had increased 
shielding from superstructure which SKATE had lost in Test A3aS. Con- 
sideration of the data and the deposit doses received, make an estimate 
of 2000 roentgens total dose apnear reasonable. The accuracy evaluation 
is Z. 

51. Ho estimates were made on the following vessels because of lack of 
data or noor opportunities for comparison: 

I EDEFEED3ITC3 (C7L22) 

PRIiTZ EUGEZ (1X300) - 

YOG 32 
AEDC 13 

It is proposed to estimate these values from contours based on the re- 
mainder of the array. Figure 27 summarizes the total dose estimates. 

Figure 28 depicts contours of total dose based on the values in Figure 27. 
Based on the contours of- Figure 28, values of total dose for the above 
vessels are: 

IlTOEPSHDErCE 4000 R 

PRIITZ SUG2LT 2800 R 

YOG 83 6000 R 

* 

ARZC 13 4000 R 

52. A rough check upon the general validity of the contours of total 
and denosit dose, and the estimates which they r .nrose-nt, c--n be made 
by plotting the contours of ".urge radiations. The surge radiation dose; 
can bo obtained for each target shin by subtracting the estimated, deposit 



dose from the estimated total dose. If both dose estimates are consistent 


throughout the array, the contours dictated by the array of surge radiation 
values should exhibit certain characteristics. In general, the contours 
should be fair, with no inconsistent values and* the contours should be 
oriented so as to agree vrith the orientation of the base surge. Contours 
of surge radiation derived by subtracting the deposit dose data of Figure 
15 from the total dose data of Figure 28 is plotted in Figure 29. It will 
be noted that the surge radiation contours are oriented with the wind 
direction. In general, individual values are consistent with the contours. 
Two or three exceptions are present. The surge radiations values for 
kAYIuATT and LCT 818 Eire considerably higher than might be expected. The 
amount of surge radiation on CRITT31IDET and STACK, however, appear low. 

No variation is greater than the estimated accuracy. These variations 
noir.t up the difficulty of deriving firm results from faulty or fragmentary 
data, ilo arbitrary adjustments have been made in the total dose or deposit 
dose data to bring the above vessels into alignment with the surge radia- 
tion contours. 

53. The contours of surge radiation exhibit a simple single peaked sur- 
face of distribution ever the array. The maximum is roughly in the center 
cf the array and is estimated to be about 5500 roentgens. The deposit 
dose in the center of the array was estimated to be 550 roentgens (para- 
graph 40). Hence, the total dose in the center of the arrey would be 
about 6000 roentgens, roughly. This indicates the depth of the hollow in 
the total dose distribution in the center of the array. 

54. Paragraphs 26 through 53 contain the most complete analysis of the 
ga.T.rr.a radiation hazard from the Tost 3ak-jr underwater burst which has 

I 
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limitations erf? tha 


meivt.ofj the hazards. Involved .ia nece^aary The following paragraphs- - 
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. for gammaradiatf on hazards from an_ underwater burBt of an atomic boob. 7 
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5Eh There are a great 'many variables involved in the phenomenon of ah . 

^underwater atomic burst. ' Ha attempt- Will be made to predict .variations 

i-r> ~ i '-' ' ■’■- *i; \j .... - 7 •* • - ~ • - ■ •-. ■■- 

7' -from the Test Baker burst "which. depend uson certain . of these variables. 

7 Thhse variables wilL be held constant and the resulting Test Baker 
•; phenomena will be considered to apply in the' general case. The variable a 

^ held constant are the size and efficiency of the bomb, the depth of water 
in way of the burst,, the depth at the burst, the physical conformation. 

.'-.of the lagoon bottom and surrounding islands, including the variations 
of wind, wave-, tide and water currents influenced by them, and the 
temperature and humidity which existed at the time of the- Test Baker 
burst. In other words, the factors directly affecting the propagation 
of the gamma radiation hazard are considered to be identical with those 
affecting the Test Baker burst. Factors influencing the distribution 
of the hazard over the area surrounding the burst are generalized in 
the following paragraphs. 












56. 


The wind velocity (six knots) which was present 


'find Velocity . 

during Test Baker is not representative of the mean wind velocity to oe 
expected. As discussed in Paragraph 9, a design wind velocity of 15 knots 
’•'ill "be assumed. Figure 6 describes the motion of the base surge at design 
wind velocity. It will be necessary to alter the contours of deposit, 
surge and total dose distribution to account for the increased wind velocity. 

57. Deposit Dose distribution . The actual distribution of deposit dose 
from Test Baker is shown in Figure 15. As discussed in paragraphs 37 to 
40 and as shown in Figure 20, the irregular series of deposit dose maxima 
are the result of early fallouts of radioactive "rain” from the mushroom 
head. Ideally, this fallout should form a ring or circular maximum 
entirely around the center of the bprst. The' average expectancy or mean 
value of deposit dose in way of the fallout ring was determined in para- 
graph 35 to be about 4000 roentgens. This value will be used in construct- 
ing contours of deposit dose for design purposes. It will be noted that 
the deposited fission products are delivered by two mechanisms; primarily 
by the mushroom fallout and, to a lesser extent, by condensation of the 
base surge. In addition, some of the fallout material, upon striking the 
surface of the water, mixes with air and drifts downwind, reinforcing the 
contaminating influence of the bass surge. As discussed in paragraph 40, 
the deposit dose ir. the center of the array was found to be 650 roentgens. 
This dose was due to condensation from the base surge and water column, 
reinforced by some contamination free the part of the fallout rin.r directly 
upwind. As a rough approximation, the deposit ’ose contributed by the 
base surge in this region may be corn* dered to be abcut 500 roentgens. 

Thus, in way of the fallout ring maximum of 4000 rccntrer.s, 35C0 roentgens 
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nay be the result of the average fallout and 500 .roentgens due to the base 
surge deposit, figure 30 shows contours of mean deposit dose distribution 
around a Baker-type detonation under the action of a 15 knot wind as indi- 
cated. The base surge and mushroom are both considered subject to the 
same wind in velocity and direction. The wind is coming from the top of 
the figure to conform with the wind direction in Figure 6. It was noted 
(paragraph 37) that the center of the fallout ring at Test Baker was dis- 
placed downwind a distance eaual to the free movement before the existing 
wind during a time interval of one minute. The center of the fallout ring 
in Figure 30 is located 500 yards downwind of the center of the burst. 

This is the distance traveled in one minute under the action of a 15 knot 
wind. The mean diameter of the fallout ring remains 1600 yards as in Test 
Baker. To conform with the assumptions used in plotting Figure 6, the 
effective distance of base surge upvrind is considered to remain the same 
regardless of the increased wind velocity. This assumption is probably 
somewhat pessimistic. The rate of fall-off of the deposit unwind, as 
indicated by the contours has been flattened in view of the movement of 
the fallout ring further downwind because of the increased wind velocity. 
The crosswir.d distribution of deposit dose is unaffected by the increased 
wind velocity. Downwind, the extent of the various deposit dose contours 
has been determined by assuming that the deposit beyond three thousand 
yards is controlled by the base surge movement entirely. For instance, 
the actual extent of the 50C roontger. contour downwind in Figure 15 is 
32C0 yards. This corresponds with the position of the face of the base 
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'-■surge 7at bur s t _ plus f crur minute s '(Figure 5). Figure 6 indicates that at 
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v>' ^und^ the sJJ^nfincetot'a ’jS- Jcnoi. wind^-Iharefore the 500 roentgen contour - -i 
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Host;, of the surge radiation occure during the first few minutes 
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After '.tire, hurst because of the rapid decay of' the intensity of gamma 




radiation. -To support this, it will be noted' that the 500 roentgen con-. 
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tour in'Figure is closer to the center of the hurst at any hearing 
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than is the face of the base surge at hurst ulus two minutes (Figure 3). 
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Comparison of Figures 3 'and € shows that the growth of the base surge, up . 
to hurst plus three minutes is affected, only slightly by an increase in 
wind velocity from six to; Id knots. Consequently, the contours of 500 
roentgens and. greater will remain substantially the same, 

• e- 

-/ - ^ . . 

(b) The 100 roentgen contour conforms to the outline of the base 
surge envelope except in its extent downwind. It is considered that the 
'increased rate of movement of the base surge downwind after three minutes 
because of the higher wind velocity will be more than offset by the 
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^ T ij-ire 15. F.-oto, .h of BA ZZu -.nre; . r; -1 A*;ra Ik 5 . 1 ■ 

3'j ? • t: onus . Vertic- Is hr.ve ^ eu j- > s - ;. .ro-; 0 h location of 3Zl*Li, 
rZHoACCLA and YOG 53. Bl.ULS is i n contrct with the bese surge while 
PZXSnCGLA has already disappeared. Fallout over these v^s'-ls is 
Indicated, llote enrliest fallout falling beyond FZl.'bACCLA in southern 
sector of array. This view is fro"i A I 533. 
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Figure 18. Photogyftoh of BAX ~-t rrmy fro'" 1 £r.yu Island r.t burst ;.'. 
.10 seconds. Verticals have been pw...-td through >ey t.nrget vers Is. 
rX.'«SAC0LA is beyond location of earliest fallout. h’cte "nole" in 
fallout in neighborhood of ’•■S'* YCJii. Tr.is view is fro"i Ar c- u. 
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Figure 19. Photograph of BAXZE array fron A-toen Island at "burst .,lus 
^0 seconds. Verticals have be-n passed through key target vess As. 
Fallout betwe-n ITnVAOA and KATRA1.T has just begun to leave mushroom 
vhile that over YOG Bo and BBUI*S is well advanced. nar_iest fallout 
•nay be seer, at extreme right. This view is from AF 592. 
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